Numerical Simulations For Active Tectonic
Processes: Increasing Interoperability And
Performance

Interoperability Milestone J due
2/27/2004

Full implementation using improved codes. Review board approves integration
into completed framework and updated documentation for:

» Mesh generation - Demonstrate adaptive mesh capability within GeoFEST
using a fault stepover geometry wherein the mesh is adapted to
accommodate large strains in the stepover as the displacement on the
main faults grows.

* Virtual California

« SLIDER

» Phase Dynamical Probability Change Index

» Data Mining via Karhunen-Loeve Space-Time Pattern Analysis

+ STRESSCO* codes (as an example of FLTGRV, FLTGRH, STRGRYV,
STRGRH)

» DataMining via Genetic Algorithm Analysis
» Hidden Markov Model - demonstrate interaction with federated DB through

framework
 Disloc
* Visco**

+  SIMPLEX***
» Final fault DB for California with documentation (now called QuakeTables)

*STRESSCO is the initialization code for Virtual California. There is no direct
user interaction with this code, and it is now integrated into Virtual California.

**Viisco is now known as GeoFEST
***SIMPLEX plus GMT Visualization is now known as GeoFit
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Executive Summary

Background

The QuakeSim Problem Solving Environment has been developed according to
the design document posted at:

http://quakesim.jpl.nasa.gov/DesignDocument2.1.pdf.

This milestone report documents the implementation of a system using this
interoperable framework for linking processes on diverse remote host
machines. We will describe posted supporting documents, the status of the
QuakeSim Gateway framework, and the resources and processes that
have been integrated with this framework.

Current Status

We have implemented the Gateway Problem Solving Environment
framework (QuakeSim) and integrated the required Milestone J
geophysical applications into the framework.

Progress Since Interoperability Milestone |

* Added all of the milestone codes: developed user interfaces, made use of
available services (particularly context management, file transfer, and
Apache Ant services for job management).

* Added multiple user support. The previous portal only supported a single
user account.

* Wrapped GMT and IDL services for visualization.

» Developed GPS and Seismic catalog databases and services, integrating
them into the portal, and integrating them with RDAHMM.

» Developed ssh wrappers to remotely execute file transfers and command
execution through the portal.

* Improved packaging of the portal using Apache Ant for compiling and
deploying.

» Developed initial testing framework using HTTPUnit.
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Supporting Documents

The project software engineering plan is located at:

http://www-
aig.jpl.nasa.gov/public/dus/aem/CT/SW_Eng_plan.html

Requirements for the project have been defined and can be found at:

http://quakesim.jpl.nasa.aov/CT_Requirements.doc

Documents specific to this milestone:

The updated QuakeSim Portal Installation Guide is posted at:

http://quakesim.ipl.nasa.qgov/PortallnstallationGuide.pdf

The updated QuakeSim Portal User’s Guide is posted at:

http://aquakesim.jpl.nasa.gov/PortalUserGuide.pdf

The updated QuakeSim Portal User Validation document is posted at:

http://quakesim.ipl.nasa.qgov/PortalUserValidation.pdf

The updated QuakeSim Portal Software Test Plan is posted at:

http://quakesim.ipl.nasa.qgov/PortalSoftwareTestPlan.pdf

The updated QuakeSim Portal Requirement Traceability Matrix is
posted at:

http://quakesim.jpl.nasa.qgov/PortalRequirementTraceabilityMatrix.pdf

The fault database, now named QuakeTables is described here:

http://quakesim.jpl.nasa.gov/QuakeTables.doc
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QuakeSim Portal Framework

We have implemented the Gateway Problem Solving Environment
framework (QuakeSim) and integrated the required 12 geophysical
applications into it.

QuakeSim will be used by the seismological, crustal deformation, and
tectonics communities for developing an understanding of active tectonic
and earthquake processes. In the figure below, the solid earth research
virtual observatory (SERVO) shows science users interacting with
interface programs as well as modeling, simulation, and analysis tools. The
general architecture follows the “Web Services” model being developed
by business interests, but is applied to scientific applications and
supporting software resources (such as databases).

The system is divided into three tiers: a user interface layer (implemented
as a browser interface), a system resource layer, and a middle control
layer that maintains proxies (or brokers) to the system resources (Figure
1). The middle tier provides a uniform interface to the resource layer.
Following the Web Services approach, we define XML interface
abstractions (in WSDL) for basic services (such as File Management) and
implement the interface with appropriate technologies (such as with a
relational database). Communication between the services is done with
an XML messaging architecture (SOAP).
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Figure 1. High level architecture of planned system showing
grids, portals, and grid computing environments.

One of the most critical aspects of our implemented system is supporting
interoperability given the heterogeneous nature of data sources as well as
the variety of application programs, tools, and simulation packages that
must operate with data from our system. Interoperability has been
implemented by using distributed object technology combined with
development of object API's that conform to emerging standards. We
defined our object API's in XML and dynamically mapped this
specification into the chosen object model.

The implementation of this framework is an important step toward our
goal of a community modeling environment that includes:

1. A database system for handling both real and simulated data.

2 . Fully three-dimensional finite element code with adaptive mesh
generator capable of running on workstations and supercomputers for
carrying out earthquake simulations.

3. Inversion algorithms and assimilation codes for constraining the models
and simulations with data.

4. A collaborative portal (Object Grid Framework) allowing for seamless
communication between codes, reference models, and data.
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5 .Pattern recognizers capable of running on workstations and
supercomputers for analyzing data and simulations.

Portal Status

Current Status

The QuakeSim portal framework is complete and has integrated the required
Milestone J applications.

Progress (since the last Interoperability milestone)

Added all of the milestone codes: developed user interfaces, made use of
available services (particularly context management, file transfer, and
Apache Ant services for job management).

Added multiple user support. The previous portal only supported a single
user account.

Wrapped GMT and IDL services for visualization.

Developed GPS and Seismic catalog databases and services, integrating
them into the portal, and integrating them with RDAHMM.

Developed ssh wrappers to remotely execute file transfers and command
execution through the portal.

Improved packaging of the portal using Apache Ant for compiling and
deploying.

Developed initial testing framework using HTTPUnit.
Portal interface improvements based upon user feedback.

Background

The QuakeSim portal and test bed consists of the following pieces:

1. A portlet-based portal environment that allows users to customize their
displays and service interfaces.

2. Support for the QuakeSim codes Disloc, Simplex/Geofit, GeoFEST,
VirtualCalifornia, Mesh Generation (Apollo/Akira), SLIDER, Phase
Dynamical Probability (PDPC), Karhunen-Loeve Space-Time Pattern
Analysis, Genetic Algorithm Analysis codes, and Hidden Markov Model
Codes (RDAHMM).

3. XML based Web services that allow the user to

o Transfer files from desktop to backend and between
backend resources
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o Submit jobs

o Monitor job progress on backend resources

o Archive and resubmit old jobs

o Visualize outputs

o Download output data

o Provide both human and application access to various
databases

o Manage portal applications.

The general architecture is shown in Figure 2. For the test bed, we use the
following resources:

Complexity, a Sun Sunfire 880 server, acts as the main web server,
runs the portal, and manages connections to remote services through
client stubs.

The fault database is hosted at USC.

Services for job submission, file management, and job monitoring are
hosted on a range of Linux and Solaris servers (danube, kamet, and
grids).

Complexity also hosts several local services for session management.
Users may access other resources through SSH wrappers.
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JDBC JDBC

Host 1 Host 2 Host 3

Figure 2. QuakeSim Architecture

The portal is based primarily on the following technologies:

» Jetspeed is used to build the portal framework (for which we have
added some extensions).

» JavaServer Pages are used to create the web pages.

* Remote invocations and communications between various machines
and databases in the testbed use Web services running in the
Apache Axis implementation of WSDL and SOAP.

* We use apache-ant (with various custom extensions) to coordinate
related tasks (such as the steps needed to create the initial mesh
or to generate the movie).

Fault database - QuakeTables

The fault database has been generalized since last year, now being
termed QuakeTables. We have augmented and cleaned up the user
interface, adding more guiding information for the inexperienced. We also
added data, and some new data parameters for the California faults data.
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This includes data from the California Geological Survey database. We
have provided specifications, documentation and papers describing the
system from the high level - as a framework that can be used for many
kinds of geoscience data; we also provide very low level detail to support
the operation of the current QuakeTables system.

A more complete description of QuakeTables may be found in:

http://quakesim.jpl.nasa.gov/QuakeTables.doc

Running Applications through the Portal

Examples of typical use of each integrated application through the portal
are described in the QuakeSim Portal User Guide:

http://aquakesim.jpl.nasa.gov/PortalUserGuide.pdf

Demonstrating GeoFEST with Adaptive Meshing

As required by Milestone J, these are the instructions for demonstrating the
execution of GeoFEST with adaptive meshing through the QuakeSim portal. The
demonstration consists of running a parallelized version of GeoFEST installed on
losangeles.jpl.nasa.gov and downloading a plot of adaptively refined finite
element mesh generated by GeoFEST. This is not included in the QuakeSim
Portal User Guide, as a general user will not yet use it.

Requirements

1. You must acquire an account on losangeles.jpl.nasa.gov. If you do not
have one, please contact Charles Norton, Charles.D.Norton@jpl.nasa.gov

2. You must have a PDF viewer such as Adobe Acrobat installed on your
desktop. If you do not, you may download and install a free version of
Acrobat from http://www.adobe.com/products/acrobat/readstep2.html.

3. Optionally, you may want to acquire a portal account. This is explained in
the QuakeSim User Guide. If you prefer, you may instead use one of the
default accounts described in the user guide.

4. You should use either Internet Explorer or Mozilla for your web browser.

Running the Demo

1. Log into the QuakeSim portal and select “GeoFEST_Adaptive” from the
list of available applications.
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2. Set up a problem geometry and generate an initial mesh. You may use the
Northridge example as described in the QuakeSim User Manual. This
sample problem is also shown in the “validation” account (username and
password are validation/validation).

3. Launch GeoFEST. This is done from the screen shown in Figure 3. Pay
special attention to the upper right hand corner of the screen. You must
provide the correct username and password for your losangeles
account. If you want email notification when GeoFEST completes, you
should also make sure that your email address is correct.

) Jakarta Jetspeed Portal: Default Jetspeed|page - Microsoft Internet Exploren

Elle  Edit wiew Favorites Tools Help f,‘
. - A
- \ ) s i a0} v, T
Oﬁack ?) ﬂ ﬂ Wl | ) search P Favorites wMedla L5 i Y @ &
address | &] httpsfcomplexity. ucs.indiana. edu:8282/jetspesd portal?SERVOPor tal=%2F jetspeed s ZFGOWS % 2F GEMDSLiser %2FMeshGenerator % 2F ActionManager . jspiokcur=SERYOPortal v B ks >

Google - v | f@psearchweb v @searchste b TRk @ o @ options -

~

Welcome to the QuakeSim Computational Portal welcome valid Ation

SERVO Code Sel isloc and GMT ~ Danube  Grids = Fault Database CCE DB
SERVO Job Submit =] ]
Input and Output File Names User Information
Input File Mame: Walidate.inp Remote Host: losangeles.jpl.nasa.gov
Output File Marne: ‘alidate out User Name: validation
Ernail Address: mpierce@es.indiana edy | Password:

Input Parameters Boundary Conditions

number_space_dimensions |3 top_bc Locked Mode % | BC Values: 00.0.0. 1.
number_degrees_freedom |3 east_bc Locked Mode | BC Valugs: 00.0.0. 1.
nrates 0 west_he | Locked Mode | BC Values: |00.0.0.1
shape_flag 1 north_bc | Locked Mode & | BC Walues: (00.0.0. 1.
solver_flag 2 south_bec | Locked Mode | BC Values: |00.0.0.1
nurber_time_aroups 1 hottom_bc| Lacked Made | BC Values: |[00.0.0.1

reform_steps
Output Parameters and Formatting

backup_steps 5000
fault_interval 5000.0 Reporting Nodes: Al
end_time 500.0 Reporting Elements: | Mone v
alpha I Print Times Type List »
time_sten 0E Print Times Interval: |100
Restart File: Mo Restart v
Checkpoint File: Mo Save v
Launch GeoFEST
gg:ﬂﬁﬁmf&ﬂi”ﬁ:ﬂ“a‘ Web Portsl Support and Additional Information Quakesim
The fault, dear Brutus, is not in our stars, but in ouwrselves.... M
@;‘]Done & Internet

Figure 3. GeoFEST submission form for the adaptive meshing
demonstration.

4. When GeoFEST has completed, you will receive an email notification. For
the provided parameters, this will take a few minutes.
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5. After receiving your email that GeoFEST has completed, click

“‘GeoFEST_Adaptive” from the portal main code menu. You should see
the screen shown in Figure 4.

) Jakarta Jetspeed Portal: Default Jetspeed page - Microsoft Internet Explorer,

Elle  Edit wiew Favorites Tools Help [
" . ~
@Eack - Q - \ﬂ \ELI _"J 7 ! Search ‘:\7’ Favarites wMedia Q—‘! = DY @ &

address | &] http: ffcomplesity.ucs.indiana. edu 18282 jetspee fportalPSERY OPortal=%2F jetspead®: ZFGCWS % 2F GEMDSLiser 9 2F ActionManager. jspaokeurl=SERiCRor tal

v B ks >
Google - w| B cearchweb - @searchsie | b DRk @ - g options -

Welcome to the QuakeSim Computational Portal

B Disloc and GMT - Danube  Grids

SERYO Job Submit =] =N
GeoFEST_Adaptive

Fault Database  CCE DB

These pages will guide you through the steps needed to run GeoFEST_Adaptive to simulate faults.

Run CeoFEST Set Up and Run GeoFEST:

Set up fault and layer geometries, generate finite element meshes, and run GeoFEST,

Archived Data Archived Data:

Download GeoFEST autput data fram previous runs.

Quskesinn Comnputational et Portl Support and Additional Information

QuakeSim
The fauft, dear Brutus, is not in our stars, but in oursetves....

Figure 4. Viewing the output image in the archive.

6. Click “Archived Data” to view a list of archived projects and their meshes.

This list will resemble the screen shown in Figure 5. Click the link under
“‘Mesh Image”.
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) Jakarta Jetspeed Portal: Default Jetspeed page - Microsoft Internet Explorer,
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Address | ] http fromplesdity . ucs.indiana. edu: 8282 jetspeed por tal?SERVOPartal=%:2F jetspeed: 2FGCWS % 2F GEMDSLUser%2F GeoFEST _Adaptive%2FActionManager. jspRokeur=SERVOPortal v B ks >
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Customize: HTML WML
Edit account: validation

Logout
S Re e ) Disloc and GMT - Danube | Grids - Fault Database | CCE DB
SERVO Job Submit =] ]
Archived Data
You have the following archived data files. Click the link to download the file.
Project Name Storage Host Creation Date Mesh Image
Validate danube.ucs.indiana.edu Tue Jun 15 10:50:46 EST 2004 test 20040615.pdf
g:;ﬁg;ﬂvcgﬂi”ﬁ:g“”a‘ web Partal Support and Additional Information QuakeSsim
The fault, dear Brutus, iz not in our stars, but in ourselves....

Figure 5. Select a mesh image to view.

7. Your browser may prompt you for an appropriate application for viewing
the PDF image. Assuming you have installed Adobe Acrobat, use this
application. You should then see a screen similar to Figure 4.
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Figure 2. PDF image of the adaptive mesh used by GeoFEST.
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